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(57) Abstract 



The invention relates to a mobile station in a radio communications system having at least one base station serving one or more 
mobile stations, a method of reducing standby power consumption of said mobile stations, said method comprising the steps of: receiving 
messages in a mobile station from said at least one base station, said message comprising blocks of information bits; generating a check 
indication specifying the need for receiving some of said blocks of information bits; and turning-off co-operating portions of said mobile 
station defining periods of full power saving where blocks of information bits are omitted, said periods of full power saving being separated 
by periods of normal power consumption where some of said blocks of information bits are received. At least some of said periods of 
normal power consumption are replaced by periods of reduced power consumption where at least one of said portions is off. The invention 
further relates to a mobile station adapted to reduce the power consumption in standby mode in order to increase the possible time of 
operation during standby mode. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Knijjdoin 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


belaud 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


l)Z 


Uzbekistan 


CP 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 




RO 


Romania 






C2 


Czech Republic 


LC 


Saint Locta 


RU 


Russian Federation 






DE 


Germany 


U 




SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/36861 PCT/SE99/022I5 

1 

A method of reducing the power consumption of portable 
radio communication systems in standby mode, and a mobile 
station adapted to reduce the power consumption in 
standby mode 

5 

The present invention relates to a method of reducing the 
power consumption of radio communication systems, such as 
mobile telephones, in standby mode in order to increase 
10 the possible time of operation during standby mode. 

Portable radio communication systems, also called mobile 
stations and mobile phones, may be operated in standby 
mode in which the mobile station continuously must re- 

15 ceive and monitor signalling data sent by a base station. 
Mobile stations are often operated on battery power, and 
in order to reduce the frequency of battery charges and 
recharges, it is advantageous to construct and operate 
the mobile station in a manner which reduces the power 

20 consumption as much as possible. 

According to the prior art, mobile stations are adapted 
to receive messages comprising blocks of information bits 
from at least one base station. A check indication is 

25 generated in order to specify the need for receiving some 
of said blocks of information bits. In order to reduce 
the power consumption, blocks of information bits are 
omitted by turning off co-operating portions of said mo- 
bile station, and hereby defining periods of full power 

30 saving. The periods of full power saving are separated by 
periods of normal power consumption where some of said 
blocks of information bits are received. 

US patent 5,402,446 to Minami discloses a frequency-shift 
35 keying (FSK) receiver which is capable of reducing a con- 
sumption current due to a phase-locked-loop control. The 
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phase locked loop (PLL) is operative in some periods 
while non-operative in other periods. In the operative 
periods both a voltage controlled oscillator (VCO) and a 
phase locked loop circuit are on. The PLL-circuit and the 
VCO are turned on prior to the actual use in order to 
bring the voltage controlled oscillator into a normal os- 
cillation state. In order to save power, the phase locked 
loop is turned off before the end of each period of op- 
eration. 

The object of the invention is to provide a method of im- 
proving power saving compared to the prior art. 

The invention thus relates to radio communications system 
having at least one base station serving one or more mo- 
bile stations, a method of reducing standby power con- 
sumption of said mobile stations, said method comprising 
the steps of: receiving messages in a mobile station from 
said at least one base station, said message comprising 
blocks of information bits; generating a check indication 
specifying the need for receiving some of said blocks of 
information bits; and turning-off co-operating portions 
of said mobile station defining periods of full power 
saving where blocks of information bits are omitted, said 
periods of full power saving being separated by periods 
of normal power consumption where some of said blocks of 
information bits are received, wherein at least some of 
said periods of normal power consumption are replaced by 
periods of reduced power consumption where at least one 
of said portions is off. 

Hereby a reduction of the power consumption is obtained 
due to the fact that the power consumption during the pe- 
riods of reduced power consumption (PRPC) is lower than 
the power consumption during the periods of normal power 
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consumption • (PNPC) . The power saving is significant as a 
large number of periods typically can be replaced. 

In accordance with a preferred embodiment, said omitted 
blocks of information bits are redundant blocks of infor- 
mation. This is advantageous as reduced power consumption 
is achieved by omitting these data blocks containing data 
already received. 

Preferably, said omitted blocks of information bits are 
blocks related to previously received blocks, said pre- 
viously received blocks having been found to be irrele- 
vant. Hereby, a reduction of the power consumption is 
achieved by omitting irrelevant data. 

In a particularly expedient embodiment, a number of suc- 
ceeding check indications are generated with predeter- 
mined intervening periods. This is advantageous as the 
power consumption is reduced in a simple manner. 

In a preferred embodiment, said check indication is gen- 
erated when an error has been detected in said blocks of 
received information bits. Hereby, an optimal power re- 
duction is obtained even when data contains errors. 

In a preferred embodiment, said co-operating portions in- 
clude a voltage-controlled oscillator, a loop-filter, and 
phase detector means, where said voltage-controlled os- 
cillator, said loop-filter, and said phase detector means 
being connected to form a phase-locked loop, and said 
phase detector means is turned off in said periods of re- 
duced power consumption. Hereby, an additional reduction 
of the power consumption is obtained due to the fact that 
the time needed to start the VCO, i.e. bring the VCO into 
a desired oscillation state, is significantly shorter 
than the time needed to bring the phase locked loop into 
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lock. Hereby, a significant reduction of the power con- 
sumption is obtained in the long run when a number of pe- 
riods are replaced. 

5 Preferably, said phase detector means is turned off prior 
to the end of said period of normal power consumption. 
Hereby, an even further power reduction is obtained. 

In a particularly expedient embodiment, a phase detector 
10 means is operated to have a high-impedance output port 
when said phase detector means is off. 

In a preferred embodiment, a switch is operated in order 
to disconnect the loop-filter from the phase detector 
15 means during the periods of reduced power consumption. 

In accordance with a preferred embodiment, the periods of 
normal power consumption to be replaced by periods of re- 
duced power consumption are predetermined. Hereby, the 
20 power consumption is reduced in a simple manner. 

In a preferred embodiment the periods of normal power 
consumption to be replaced by periods of reduced power 
consumption are determined by use of an automatic fre- 
25 quency control. Hereby, an optimal power reduction is ob- 
tained, i.e. periods of normal power consumption are only 
replaced by periods of reduced power consumption when 
needed. 

30 The present invention also relates to a mobile station 
adapted to be used in a radio communications system, said 
mobile station comprising: receiver means adapted to re- 
ceive messages, said message comprising blocks of infor- 
mation bits; check indication means adapted to generate a 

35 check indication specifying the need for receiving some 
of said blocks of information bits; and control means 
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adapted to turning-off co-operating portions of said mo- 
bile station defining periods of full power saving where 
blocks of information bits are omitted, said periods of 
full power saving being separated by periods of normal 
power consumption where some of said blocks of informa- 
tion bits are received, wherein said control means is 
further adapted to replace at least some of said periods 
of normal power consumption by periods of reduced power 
consumption where at least one of said portions is off. 

Hence, the mobile station according to the invention is 
adapted to reduce the power consumption in standby mode 
compared to the mobile stations of the prior art. Hereby, 
the frequency of battery charges and recharges can be re- 
duced. 

Preferably, said co-operating portions comprise a volt- 
age-controlled oscillator, a loop-filter, and phase de- 
tector means being connected to form a phase-locked loop, 
and said phase detector means is adapted to be off during 
periods of reduced power consumption. 

In accordance with a preferred embodiment, said phase de- 
tector means is adapted to provide a high- impedance out- 
put port when off. 

In a preferred embodiment, said mobile station further 
comprises connection means with a first terminal con- 
nected to the output of said phase detector means, a se- 
cond terminal connected to the input of said loop filter, 
and a control terminal connected to said control means, 
and said connection means is adapted to connect and to 
disconnect said phase detector means and said loop filter 
according to a control signal on said control terminal. 
By disconnecting said phase detector means and said loop 
filter during periods in which said phase detector means 
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is off, the current drain from said loop filter is re- 
duced. Hereby, the power consumption of the mobile sta- 
tion is reduced. 

In a particularly expedient embodiment/ said connection 
means comprises a switch. 

The present invention will now be described more fully 
with reference to the drawings, in which 

Figure 1 illustrates the message word structure (MWS) of 
a transmit cycle according to the EIA-553 standard, 

Figure 2 is a time chart illustrating that periods of 
full power saving alternate with periods of normal power 
consumption, 

Figure 3 is a time chart illustrating a situation in 
which some periods of normal power consumption are re- 
placed by periods of reduced power consumption according 
to the invention, 

Figure 4A shows a block diagram of a part of a mobile 
station, 

Figure 4B is a block diagram of a phase detector means, 
and 

Figure 5 is a time chart illustrating the operation of a 
frequency generating part of a mobile station according 
to the invention. 

Cellular mobile telephone systems comprise a network of 
base stations, each of which covers a particular geo- 
graphical area or cell and communicates with the plural- 
ity of mobile or hand-portable phones (hereinafter M mo- 
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bile phones" or "mobile stations"). According to the 
prior art, such systems contain means to ensure to the 
highest degree that the nearest base station is used to 
communicate with each mobile phone, thus minimizing the 
transmitter power needed in the mobile phone. 

In systems using the U.S. EIA-553 cellular standard, 
calling messages are transmitted to mobile phones in the 
standby mode by base stations in a format that includes 
five repeats of the 40-bit blocks. A calling message 
identifies a called mobile phone by including a so-called 
Mobile Identification Number (MIN) representing the tele- 
phone number in the message. Each message also contains a 
cyclic redundancy check (CRC) code, whose value depends 
on the data bits. The CRC code can be used to verify the 
correct decoding and even to correct single bit errors in 
the message. Due to the length of the MIN, it takes two 
calling messages to identify the phone uniquely, and the 
first calling message therefore includes continuation 
bits indicating that further information will follow. The 
latter of these two calling messages is called a con- 
tinuation calling message. 

Figure 1 shows the message word structure (MWS) of one 
transmit cycle according to the EIA-553 standard. Each 
transmit cycle, which is also called a control cycle, 
conveys five repeats Al, A2, A5 of a first 40-bit 

word "A" and five repeats Bl, B2, B5 of a second 40- 

bit word "B" . The A and B words belong to independent 
messages intended for mobile phones having odd and even 
mobile identification numbers (MIN), respectively. 

The preamble bit-block labelled D, the so-called dotting 
sequence, is a 10-bit block of alternating l's and O's 
intended to provide the receiver with symbol resynchroni- 
zation opportunities. Preceding the 10-bit dotting se- 
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quence is a single bit busy/idle flag, giving a total of 
11 bits in the dotting sequence. Following the dotting 
sequence D is a bit-block labelled S. This bit-block in- 
cludes an 11-bit sync word which is preceded by a 
5 busy/idle flag, making a total of 12 bits. Then there 
follow five repeats, each of two 40-bit calling messages 
designated A and B. Four extra busy /idle bits are in- 
serted in each message repeat making 4 4 -bit blocks. The 
total number of bits in a calling channel cycle is thus 
10 l+10+l+ll+2x5x(40+4)=463 bits. It is noted that the data 
bit-blocks Al, A2, . .., A5 contain redundant data, i.e. 
if no errors have occurred, these bit-blocks all contains 
the same data. Likewise, the bit-blocks Bl, B2, B5 
contain redundant data. 

15 

When a mobile phone is in a standby mode, i.e. when it is 
neither originating nor receiving a call, it must listen 
to a base station for calls. The mobile phone consists of 
a number of parts, each part relating to a given func- 

20 tion. During standby mode, the transmitter part of the 
phone needs only to be operative in short periods in or- 
der to keep in contact with the base station. In the re- 
maining periods, the mobile phone does not transmit, and 
therefore the transmitter part of the phone do not have 

25 to be operative. Other parts of the phone have to be op- 
erative during standby mode, e.g. the receiver part. But, 
it is known that some parts can be operative in some pe- 
riods while non-operative in other periods. The frequency 
generating part of the receiver in a mobile telephone is 

30 an example of a part that can be operative in some pe- 
riods and non-operative in other periods, resulting in 
reduced power consumption compared to the situation where 
the part is constantly operative. 

35 According to the prior art, Figure 2 illustrates that a 
part of a mobile telephone is operative in some periods 
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while non-operative in other periods. As shown, the peri- 
ods in which the part is non-operative , the so-called pe- 
riods of full power saving (PFPS), are mutually separated 
by periods in which the part is operative, the so-called 
5 periods of normal power consumption (PNPC) . A part of the 
mobile phone normally includes a number of co-operating 
portions. During the periods of normal power consumption, 
the co-operating portions are operative (i.e. are on), 
while the co-operating portions are non-operative (i.e. 
10 are off) during the periods of full power saving. 

The frequency generating part is an example of a part in 
a mobile station that can be operative in some periods 
(PNPC) , in which blocks of information bits are received, 

15 and non-operative in other periods (PFPS) , in which 
blocks of information bits are omitted. As mentioned, the 
message word structure (MWS) contains redundant blocks of 
data bits, as e.g. the contents of the bit-block Al is 
repeated in the bit-blocks A2, A5. According to the 

20 prior art, this fact is used to obtain reduced power con- 
sumption in e.g. mobile phones, as it is possible to omit 
some of the redundant data. 

Figure 3 illustrates a situation in which some of the pe- 
25 riods of normal power consumption (PNPC) are replaced by 
periods of reduced power consumption (PRPC) according to 
the invention. In the periods of reduced power consump- 
tion (PRPC) at least one of said co-operating portions is 
off, and hereby an additional reduction of the power con- 
30 sumption is obtained. The replacement of periods of nor- 
mal power consumption (PNPC) with periods of reduced 
power consumption (PRPC) will be described in more de- 
tails in the following. 

35 Figure 4A illustrates the frequency generating part of a 
mobile station which e.g. can be used to tune a mobile 
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station into a desired channel. The frequency generating 
part, which is constructed as a phase locked loop (PLL), 
includes the following co-operating portions: a reference 
oscillator 1 (e.g. a voltage controllable crystal oscil- 
5 lator, VCXO) , phase detector means 2, a loop filter 3, 
and a voltage controlled oscillator 4 (VCO) . 

The VCO 4 is an oscillator with an input and an output 
terminal. The VCO 4 is constructed to generate an oscil- 

10 lating signal on the output terminal, the oscillating 
signal having a frequency defined by the control voltage 
applied to the input terminal of the VCO 4. The input 
terminal of the VCO 4 is connected to an output terminal 
of the loop filter 3, and the output terminal of the VCO 

15 4 is connected to a first input terminal of the phase de- 
tector means 2. The second input terminal of the phase 
detector means 2 is connected to the reference oscillator 
1. The output terminal of the phase detector means 2 is 
connected to an input terminal of the loop filter 3 

20 through a connection means 6. It is noted that the VCO 4 
consumes power while operative, and it is therefore 
called an active portion in the following. 

As described below, the connection means 6 is adapted to 
25 provide a high-impedance connection between the loop- 
filter 3 and the phase detector means 2 at least during 
periods of full power saving and periods of reduced power 
consumption. Likewise, a connection means can be inserted 
between the loop filter 3 and the VCO 4. It is noted that 
30 the connection means 6 can be implemented in many ways, 
e.g. as a relay or as a semiconductor switch. In a first 
embodiment the connection means 6 comprises a controlla- 
ble switch. This will be described more fully below. 

35 As illustrated in Figure 4B, the phase detector means 2 
is often implemented as an integrated digital circuit, a 
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so-called PLL-chip 2, consisting of one or more program- 
mable counters 13,14, a phase detector part 12, and a 
charge pump 11. The counters 13,14 are normally pro- 
grammed by a micro controller. It is noted that the phase 
5 detector means 2, which is also called PLL-chip 2 in the 
following, is an active device consuming power while on. 
The loop filter 3 is usually a passive device, consisting 
of resistors and capacitors, which jointly with the cha- 
racteristics of the VCO 4 and the charge pump 11 deter- 
10 mine the behaviour of the phase locked loop (PLL) . The 
frequency generated by the PLL (i.e. the VCO frequency) 
is determined by the values loaded into the programmable 
counters 13,14 and by the frequency of the reference os- 
cillator 1. 

15 

The output from the phase detector 2 is a current which 
is proportional to the phase difference between the in- 
puts. The loop filter 3 is either charged or discharged 
by this current, and the output voltage of the loop fil- 

20 ter 3, which controls the VCO frequency, is constant when 
the phase difference is zero, i.e. no current is sup- 
plied. If a phase difference is detected at the input of 
the phase detector 2, the loop filter will either be 
charged or discharged depending on the design of the 

25 charge pump 11, and the loop filter voltage will either 
increase or decrease, respectively. Hence, if no current 
is supplied to the loop filter 3, the output voltage is 
kept constant. 

30 When the PLL operates as described above, all the co- 
operating portions are on and the period is therefore a 
period of normal power consumption (PNPC) . According to 
the prior art, a reduced power consumption is obtained by 
turning off the co-operating portions during so-called 

35 periods of full power saving (PFPS) . In these periods, 
the phase detector means 2 and the VCO are turned off in 
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order to reduce the power consumption compared to the pe- 
riods of normal power consumption (PNPC) where both the 
VCO 4 and the phase detector means 2 consume power. For 
example, it is possible to turn off the co-operating por- 
5 tions as redundant data blocks, which occur in the re- 
ceived data signal according to Figure 2, can be skipped. 

In a preferred embodiment a check indication specifying 
the need for receiving some block of information is gene- 

10 rated, i.e. specifying periods in which data shall be re- 
ceived. The check indications can be generated in several 
ways, e.g. generated with predetermined intervening peri- 
ods, or generated when some given conditions in the mo- 
bile station are met. In the first situation in which the 

15 blocks of information bits that are going to be received 
are predetermined, e.g. only the first block of a number 
of blocks containing redundant data is received. In the 
latter case, the periods during which the blocks of in- 
formation bits are going to be received depend on some 

20 given conditions in the mobile station, e.g. when an er- 
ror has been detected in said blocks of received informa- 
tion bits, a block containing redundant information is 
also received. The detection can e.g. be based on major- 
ity voting but as this well known, it will not be de- 

25 scribed further in relation to this invention. 

As mentioned previously, due to the length of the MIN, it 
takes two calling messages to identify the phone 
uniquely. This information can also be used in order to 

30 decide whether to replace periods of normal power con- 
sumption (PNPC) with periods of full power saving (PFPS) : 
when the mobile phone has already identified from the 
first of the two calling messages of a message that the 
MIN does not match that of the receiving mobile phone, 

35 the mobile phone does not need to process the second 
calling message, the so-called continuation calling mes- 



WO 00/36861 



13 



PCT/SE99/02215 



sage, and can power down for all five repeats of the sec- 
ond word. 

According to the invention, additional reduction of the 
5 power consumption can be obtained by replacing some of 
the periods of normal power consumption (PNPC) with pe- 
riods of reduced power consumption (PRPC) , in which some 
of the co-operating portions are off, while others are 
still operating. Hereby a further reduction of the power 

10 drain is obtained in standby mode, and this can e.g. be 
achieved by omitting to turn all the co-operating por- 
tions on for every period of operation. In the embodiment 
shown, the PLL-chip 2 is the co-operation portion which 
is not turned on for every period of operation. In this 

15 case, the VCO is operating in the periods of reduced 
power consumption while the phase detector means is not 
operated. In other words, the periods of normal power 
consumption (PNPC) are substituted by periods of reduced 
power consumption (PRPC) . Hereby a reduction of. the power 

20 consumption is obtained as the power consumption during 
the periods of reduced power consumption (PRPC) is lower 
that the power consumption during the periods of normal 
power consumption (PNPC) . The power saving is significant 
as a large number of periods typically can be replaced. 

25 

The reason why it is possible to substitute the some of 
the periods of normal power consumption with periods of 
reduced power consumption in this case shall be found in 
the following facts. 

30 

Firstly, the receiver does not need to tune to another 
channel during stand-by as long as the received signal 
strength is sufficient. 

35 Secondly, the VCO 4 tunes to a frequency determined by 
the voltage on the control input. For one particular VCO 
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4 the relation between the control voltage and the output 
frequency is only affected by slowly changing parameters, 
such as temperature and humidity. 

5 Thirdly, the current drain from the loop filter 3 into 
the control input of the VCO 4 is negligible as the input 
is very high impedance. It is noted that the control in- 
put normally includes a reverse biased diode (a varactor 
diode) and hence has a very high impedance. 

10 

Finally, the output of the PLL-chip 2 is a high-impedance 
port when powered down, or can be made a high-impedance 
port by use of a connection means 6, e.g. a switch in se- 
ries between the output of the PLL-chip 2 and the input 
15 of the loop-filter. Therefore, only a small current is 
drained from the loop filter through the PLL-chip 2. 

Talcing these facts into account, it is clear that once 
the PLL has tuned the receiver to the appropriate chan- 

20 nel, and the mobile station is in stand-by mode, the 
voltage on the control input only changes very slowly 
compared to the cycle time of the information received 
because of the very small leakage current involved. Thus, 
even when some periods of normal power consumption (PNPC) 

25 are substituted by periods of reduced power consumption 
(PRPC) in which the PLL-chip 2 is off, the VCO will still 
tune to the right channel (or very close to the right 
channel) due to the charge stored in the loop filter 3. 

30 The phase detector means 2 is usually implemented as a 
chip which has either software-controlled (via a serial 
programming interface) or hardware-controlled (a pin) 
power down. The VCO 4 is usually turned off by switching 
off its power supply. 
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How often the PLL-chip 2 needs to be activated to ensure 
the leakage current or the environmental facts has not 
made the VCO 4 drift too far from the nominal frequency 
must be determined from case to case. In one embodiment; 
5 the periods of normal power consumption which have to be 
replaced by periods of reduced power consumption are pre- 
determined, e.g. information about the current drain for 
the actual phase locked loop is used to predetermine the 
time interval between periods of normal power consumption 
10 in order to ensure that only acceptable frequency varia- 
tions occurs in the VCO output signal. 

In an other embodiment, the periods of normal power con- 
sumption which have to be replaced by periods of. reduced 

15 power consumption are determined by use of automatic fre- 
quency control (AFC) means being able to give information 
about the difference between the VCO frequency and the 
frequency of the received signal. As described more fully 
below, the information from the AFC can therefore be used 

20 to determine when it is time to re-engage the phase de- 
tector means 2 after having been turned off. 

The frequency generating part of a mobile station shown 
in Figure 4A further includes control means 8. The con- 

25 trol means 8 includes an input port which is connected to 
a receiver part 9 of the mobile station. The receiver 
part 9 is connected to an antenna 10, and is also con- 
nected to the output terminal of the voltage controlled 
oscillator 4. As known in the prior art, the receiver 

30 part 9 is adapted to receive information from the antenna 
10 using the VCO as a local oscillator. 

The control means 8 further comprises output ports which 
are used to control the power-on and power-off of diffe- 
35 rent co-operating portions in the mobile station and 
hereby defining the periods of full power saving (PFPS), 
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the periods of normal power consumption (PNPC), and the 
periods of reduced power consumption (PRPC) . As shown in 
Figure 4A, a first output port is connected to the VCO 4 
and a second output port is connected to the phase detec- 
5 tor means 2. By use of the output ports, the control 
means 8 provides the VCO 4 and the phase detector means 2 
with the control signal VCO PW and PLL PW , respectively. 

* The connection means 6 is connected to a third output 
10 port of the control means 8, and is hereby controlled by 
the control signal CONpwr, which e.g. equals the control 
signal PLL PW r, and hereby making the connection the phase 
detector means 2 and the loop filter 3 a high-impedance 
connection during periods in which the phase detector 
15 means 2 is off. 

The input port of the control means 8 is adapted to re- 
ceive frequency information from' the receiver part 9 of 
the mobile station. The frequency information includes 

20 information about the frequency of the VCO 4 and the fre- 
quency of the received signal. By use of this informa- 
tion, the AFC, which may be included in the control means 
8, determines the drift of the VCO frequency in relation 
to the frequency of the received signal. As described in 

25 the following, the frequency drift information is used 
differently during periods of normal power consumption 
(PNPC) and during periods of reduced power consumption 
(PRPC) . 

30 As shown in the figure, the control means 8 also includes 
a control terminal which is connected to the reference 
oscillator 1. Therefore, the output frequency of the ref- 
erence oscillator 1 can be controlled by the control 
means 8. During periods of normal power consumption 

35 (PNPC) , the phase locked loop is operated normally, and 
the frequency of the VCO 4 is therefore continuously be- 
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ing regulated to be locked to the signal of the reference 
oscillator 1. When the AFC detects a frequency drift be- 
tween the VCO and the received signal, the reference os- 
cillator 1 is regulated and hence the frequency of the 
5 VCO 4 is regulated. 

During periods of reduced power consumption (PRPC) the 
frequency drift information can be used to supervise the 
replacement of succeeding periods of normal power con- 

10 sumption (PNPC) with periods of reduced power consumption 
(PRPC) . This is a fact, as the frequency drift informa- 
tion tells whether the PLL-chip is to be turned on, i.e. 
turn on the phase locked loop in order regulate the VCO 
frequency during a period of normal power consumption, in 

15 the following periods or not. 

It is noted that, the current drain of a PLL-chip 2 typi- 
cally is in the order of 2-10 mA when the PLL-chip 2 is 
on, while typically in the order of 1-100 pA when off. 

20 The current drain of a VCO is typically 5 mA when on, 
while no current drain occurs when off. This fact illu- 
strates that reduced power consumption can be achieved by 
replacing periods of normal power consumption (PNPC) with 
periods of full power saving (PFPS), and that additional 

25 reduction of the power consumption can be achieved by re- 
placing periods of normal power consumption (PNPC) with 
periods of full power saving (PFPS) . 

It should be noted that the VCO can be brought into the 
30 desired oscillating stated significantly faster than the 
entire phase locked loop can be brought into lock. Hereby 
additional reduction of the power consumption is achieved 
compared to the prior art. Typically a large number of 
PNPC is replaced by PRPC and hereby a significant reduc- 
35 tion of the power consumption is obtained. This can be 
illustrated by the fact that the duration of a control 
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channel cycle is 46.3 ms but by replacing a number of pe- 
riods of normal power consumption (PNPC) by periods of 
reduced power consumption (PRPC) according to the inven- 
tion a mutual intersection between periods of normal 
5 power consumption of 1.0 s or even more can typically be 
obtained. 

Figure 5 illustrates the operation of a frequency gener- 
ating part of a mobile station according to the inven- 
10 tion. The uppermost line of the figure illustrates a sec- 
tion of a received signal, i.e. a number of succeeding 
transmit cycles having the message word structure (MSW) 
shown in Figure 1. 

15 The control means 8 produces a VCO on/off signal and a 
PLL-chip on/off signal. In the figure, these signals are 
called VCO PW and PLL PW , respectively. Attention will be 
directed to lines two through five in Figure 5 illustra- 
ting the power-on and power-off of the VCO 4 and the 

20 phase detector means 2 according to two embodiments of 
the invention. 

According to the invention, a number of the periods of 
normal power consumption are replaced by periods of re- 

25 duced power consumption. Periods of full power saving 
(PFPS) are inserted between the periods of normal power 
consumption (PNPC) . By observing the interval shown in 
the figure from the left to the right, it can be seen 
that the VCO 4 and the phase detector means 2 start by 

30 being off (i.e. powered down) defining a period of full 
power saving (PFPS), in which the blocks of information 
bits are omitted. 

In lines 2 and 3, showing a time chart related to a first 
35 embodiment of the invention, the period of full power 
saving is followed by a period in which both the VCO 4 



WO 00/36*61 



19 



PCT/SE99/02215 



and the phase detector means 2 are on. The period indi- 
cated by t2 r in which blocks of information bits are re- 
ceived, is therefore a period of normal power consumption 
(PNPC) . 

5 

In the following period, a period of full power saving 
(PFPS), the blocks of information bits are omitted as 
both the phase detector 2 and the VCO 4 are turned off. 
This period is followed by a period indicated by t3 in 

10 the figure. The VCO 4 is turned on while the phase detec- 
tor means 2 is off. Thus, compared to the prior art, the 
period of normal power consumption (PNPC) is replaced by 
a period in which at least one of the co-operating por- 
tions is off. In this case, the phase detector means 2 is 

15 the co-operating portion being off. The period indicated 
by t3 in the figure is therefore a period of reduced 
power consumption (PRPC) . Compared to the prior art, a 
reduced power consumption is obtained. 

20 The following period is a period of full power saving 
(PFPS) which is followed by a period of normal power con- 
sumption (PNPC) . It is noted, that the period of normal 
power consumption (PNPC) could also have been a period of 
reduced power consumption (PRPC) if the frequency of the 

25 VCO output signal is still acceptable, i.e. the frequency 
has only changed within a acceptable frequency interval. 

It is further noted that in the periods of normal power 
consumption (PNPC) the phase locked loop is activated for 

30 a period prior to the actual use of the output frequency 
of the VCO 4 in order to receive data. This period, which 
is indicated by tl in the figure, is used to lock the 
phase locked loop to the reference signal, i.e. bring the 
VCO 4 into a desired oscillation state. The period tl is 

35 a period of full power consumption and a reduction of the 
power consumption is obtained according to the invention 
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as operation of the VCO 4 prior to actual use in the pe- 
riods of reduced power consumption (PRPC) is signifi- 
cantly smaller than tl and is therefore not shown in the 
figure. 

5 

Lines 4 and 5 show a time chart related to a second em- 
bodiment of the invention. As it can be seen, the period 
of normal power consumption (PNPC) starts when both the 
VCO 4 and the phase detector means 2 are turned on. But, 

10 compared to the first embodiment, the phase detector 
means 2 is turned off prior to the end of said period of 
normal power consumption (PNPC) . Hereby, an additional 
power saving is obtained. It is noted that both the phase 
detector means 2 and the VCO 4 are on in the period indi- 

15 cated by t4 in the figure, and the phase locked loop is 
operated normally. In the period t4 the phase locked loop 
is regulating the output frequency of the VCO 4 to be 
locked to the frequency of the reference oscillator 1. 
Therefore, the period t4 is preferably defined as being 

20 sufficient to perform the desired regulation, but not 
longer than necessary in order to save power. The fre- 
quency of the output signal from the VCO 4 can be main- 
tained during periods of reduced power consumption. 

25 Although a preferred embodiment of the present invention 
has been described and shown, the invention is not re- 
stricted to it. It may also be embodied in other ways 
within the subject-matter defined in the following 
claims. For example, the decision whether to replace a 

30 given period of normal power consumption (PNPC) with a 
period of reduced power consumption (PRPC) can be based 
on the detection of errors in the received data blocks 
using the above-mentioned cyclic redundancy check (CRC) 
codes. Hereby, errors which could occur as a result of 

35 vibrations of the mobile phone influencing the output 
frequency of the VCO can be avoided. 
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Patent Claims: 



1. In a radio communications system having at least one 
5 base station serving one or more mobile stations, a 

method of reducing standby power consumption of said mo- 
bile stations , said method comprising the steps of: 

receiving messages in a mobile station from said at least 
10 one base station, said message comprising blocks of in- 
formation bits; 

generating a check indication specifying the need for re- 
ceiving some of said blocks of information bits; and 

15 

turning-off co-operating portions of said mobile station 
defining periods of full power saving where blocks of in- 
formation bits are omitted, said periods of full power 
saving being separated by periods of normal power con- 
20 sumption where some of said blocks of information bits 
are received, characterised in that 

at least some of said periods of normal power consumption 
are replaced by periods of reduced power consumption 
25 where at least one of said portions is off. 

2. A method according to claim 1, character- 
ised in that said omitted blocks of information bits 
are redundant blocks of information, 

30 

3. A method according to claim 1, character- 
ised in that said omitted blocks of information bits 
are blocks related to previously received blocks, said 
previously received blocks having been found to be ir- 

35 relevant. 
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4. A method according to one or more, of claims 1-3, 
characterised in that a number of succeed- 
ing check indications are generated with predetermined 
intervening periods. 

5 

5. A method according to one or more of claims 1-4, 
characterised in that said check indication 
is generated when an error has been detected in said 
blocks of received information bits. 

10 

6. A method according to one or more of the preceding 
claims, characterised in that said co- 
operating portions include a voltage-controlled oscilla- 
tor (4), a loop-filter (3) , and phase detector means (2), 

15 where said voltage-controlled oscillator (4), said loop- 
filter (3), and said phase detector means (2) being con- 
nected to form a phase-locked loop, and said phase detec- 
tor means (2) is turned off in said periods of reduced 
power consumption. 

20 

7. A method according to claim 6, character- 
ised in that said phase detector means (2) is turned 
off prior to the end of said period of normal power con- 
sumption. 

25 

8. A method according to claim 6 or 7, charac- 
terised in that said phase detector means (2) is 
operated to have a high-impedance output port when said 
phase detector means (2) is off. 

30 

9. A method according to claim 6 or 7, charac- 
terised in that a switch is operated in order to 
disconnect said loop-filter from the phase detector means 
(2) when said phase detector means (2) is off. 
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10. A method according to one or more of claims 1-9 
characterised in that the periods of normal 
power consumption to be replaced by periods of reduced 
power consumption are predetermined. 

5 

11. A method according to one or more of claims 1-10 
characterised in that the periods of normal 
power consumption to be replaced by periods of reduced 
power consumption are determined by use of an automatic 

10. frequency control. 

12. A mobile station adapted to be used in a radio commu- 
nications system, said mobile station comprising: 

15 receiver means adapted to receive messages, said message 
comprising blocks of information bits; 

check indication means adapted to generate a check indi- 
cation specifying the need for receiving some of said 
20 blocks of information bits; and 

control means (8) adapted to turning-off co-operating 
portions of said mobile station defining periods of full 
power saving where blocks of information bits are omit- 
25 ted, said periods of full power saving being separated by 
periods of normal power consumption where some of said 
blocks of information bits are received, charac- 
terised in that 

30 said control means (8) is further adapted to replace at 
least some of said periods of normal power consumption by 
periods of reduced power consumption where at least one 
of said portions is off. 

35 13. A mobile station according claim 12, charac- 
terised in that said co-operating portions com- 
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prise a voltage-controlled oscillator (4), a loop-filter 
(3), and phase detector means (2) being connected to form 

a phase-locked loop, and that said phase detector means 
(2) is adapted to be off during periods of reduced power 
5 consumption. 

14. A mobile station according to claim 13, char- 
acterised in that said phase detector means (2) 
is adapted to provide a high-impedance output port when 

10 off. 

15. A mobile station according to claim 13, char- 
acterised in that said mobile station further 
comprises connection means (6) with a first terminal con- 

15 nected to the output of said phase detector means (2), a 
second terminal connected to the input of said loop fil- 
ter (3), and a control terminal connected to said control 
means (8), and that said connection means is adapted to 
connect and to disconnect said phase detector means (2) 

20 and said loop filter (3) according to a control signal on 
said control terminal. 

16. A mobile station according to claim 15, char- 
acterised in that said connection means (6) 

25 comprises a switch. 
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